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ABSTRACT

The broad absorption l:ineshaic JPseroed
transitions between the heavy holoe and s:in orbae
bands ‘a EHUD 1n Ge 1s explained. 1: s Jdace
momcntum spreading of the hole wave runction

lated by multaple scatteriag theory.



INTURVALLNCLE BAND ABSORPTION IN ELECTRON HOLE DROPLETS

R N Silver, ¢ I Aldrich
MS 457 Los Alamos Scientatfic Laboratory
Los Alamos . Ncw Mexico §7345

The bread absorrtion lineshape observed for transitions
between the heavy hole and spin orbit split hands in
EHD in Ce 1s explained. 1t 1s duc to tie nomontum
spreading of the hole wave function as calculated by
muitiple scatiering theorv,

Pokrovsky ot al.l have ohserved a broad absorption due to
transitions betwcen the heavy heole and spin orbit splat
bands 1n Ge. 1t is =much wiler than predictel v the free
particle theeryv which has succtessfully explained the line-
shape for iHD Tgminescence. Si=irlarly wide absorption s
also obxcrved tor heles hound into eavcrtons or ta acgcepr-
tor<. In the latter case, S=ath t. al.” kave eaplained
the lincshape 1o terTs ¢f the =ementun <preading ¢ the
hole bhound <tate waie functron.,  In YHD or n Jde:senerately
doped remrceontucters the ~oroening - sufficientls large
that bound ~tates are ahsent. he prosent the fivst oeaplan

ation of the lineshi; o in these svstenma.

In a sanplafae! =ofel where Tne petential Gots onlyv oon
holes an a ~pheroo a0 P eans Y ale dan!', N abserstaon s

e(hv) - Z f(c )f- |.|2 lkly>1? 8thv-ei® v o)

where th Sy ATe accenter croencaten wave functiens 1n
the bound wtate ca-c. and beve=e plarne wave <tates k- oan
the frec hole theory .V comparts<on of the Tree hele theery
includin: the crfect of mas< anisotropy with caper:=ent 1<
shown as the Jashed laine ¢ Yo, ). Intervalence hanl!
transitions conserve nonentun (Jirect tran<itaent and the
occupiced ~tates in *he heavy hole bhand are restraisted to
momenta less than the Fermir momentum. Thus, & ~harp cuteff
i1s predicted an the 1ice hole theory for encrires about 23
mcv above the thresheld for the transcition. Thas ceonclu-
sion is not altered by the incluxion of <ore aanv boldv eof -

fects such a< final state interactions or renornalaication



of the hole cnergy. We show that the momentum spreading of
the holc wave function due to multiple scattering can ex-

plain the high encrgy tail observed experimentally.

Consider the simpler problem of the cffect of impurity scat-
tering on the absorption. The problem then is the choice
of |wi> in (1). We propose a wave tunction based on the
idea of a "ccherent wave'" in multiple scattering thcorys.
In the presence of uncorrelated scatterers a plane wave
state is attcnuatced and the cffecctive wave vector is shitft:
ed. This mav be expressed by the aldition to the cnerey

€k of a planc wave state of a self encrzsv TiRkY viven by
nl<k|V!Qi>. Here ’;E3 denotes a scatterin: wave tunction
for a single impurity, 'L~ a plane wave state, and n, 1-
the impurity density.  This 1s the samce as the well hnown
rclation of =clt encrev to the forward scaticerins anpla-

tude. Then we propose a multiple scatterin: wave tanction

o,
2 :i(k-k )-rj “ o
T (kl\'lg,vy:.>

Eilo = n? 8-k - _ >
tkfl(k) -

K
Note that in the limit of a single impurity reduces te
the usual cxpression tor the prejection o 1 ~cattoring
state onto a4 plane wave state with " (kY becemno 00 The
sum over r - runx over all the impurai:ices.

Now substitute () into (1Y  and averagce over e oampuraty

¢ teras which are <ainzular a~ v R exavctly

T

positions.
cance!l, with the result
3 2 2, % ., 0 2 so
43 SKIRTE PUSTRIVIE ST 8hv-c e )
- (g, 2) -
(2n) )

ofv) - 2nl - 3
(‘t'ck"Rc I(K))° ¢ (lal(k))

(3)
This expression contains the effect of the mementun spreadd-
ing of the hole wave function which is vesponsible tor the
lineshapo in the hound state casc. 1t also contains the
broadening of plane wave states Jue to multiple scattering.

Onc may prove with the aid of the optical theorem that in
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E cti J Fig 1. Data points ar

\ o from Pokrovsky et. al.
: : Dashed line is the free
!f i 1 hole theery. Solid
' ! line is the present mul -
!# 1 ol | tiple scattering theory.
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INTURWALENCE BAND TIANSITIONS IN EMD

the limit of no scatteving ! 3)

goes to the frec hole theorv.

These 1deas ~av he generatized to clectren L=le ldroplets hy
replacin: 1mpurit <cattering by e¢lecsren ani hole scatter-
ing. We have carried out a calculation o7 this aind in the
Born approxination with a ~tatic Yublawa <creened interac-
tion. The fit shown as~ the :o0lid line in Yie 1 wias ab-
tained with 0 soreenmain: tomentum of atouet cne-kal € o thke
Thomas ferm: value. Qualitative agreerent aith the ~lowly
decreasing acsorpticn tail at high encerties 1< ohtainel.
Other appionizuatieons mide tn this calculation are (1) the
condut tien antd vaience bands are taken teo be spherical with
density of states masses; (i1i) absorption dae to the light
hole band is grored: (iii) scattering crfedts in the spin
orbit split band and the ¢o »line betweern =pin orhit and

hcavy holc bands due to the coulomb interaction are ignor-

cd; (iv) the matrix clenent M which i: normally aniso-
trqsic,is taken to he constant,
VR | ISR RS :

LRI TR R U PRI ES [ORUI] IV IR o | G

A calculation in which the Yukawa potential is replaced by



G:dyhamicallv wcrccened potential such as given bv the RPA

is in p: ‘gress. M carveful comparison with the RPA will re-

Quirce inclusion I structure anisotrony, hand coup
ling, and especi: c cffects of <cattering in the spin
orbit split ban!. .ac latter 1= necessarv to insurc the

proper cancellation ot tho plasmon contribution at :ero

momentum transfer. AlIl these cffects will act to broaden
the absorption. Since the absorption is sens:tive te the
high momentum components of the wave function, it will bhe

an important test for theorics of clectren correlation,

In conclusion, we have presented the first evjpianation of
intervalence band absorption in "HH to go hevon! the free
hole theorv., oOther direct transiticns =uch as the cain
spectra of highly excited or heavily dored fircct zan <ems-

conductors also show strons Jleviaticns fre~ the »relictions

-
; . . ) N 1
of free particle theories for lineshapes . ‘e ospedct that

the same multiple <cattering ideas wall Cind dreticarion to

these problenms,

REFERENCES

1. Pokrovsky Ya |, Svistunova K 1T 1071 1. Syvord el
13 2788 (Soviet Phvsigcs - ol <State 15 2330 107
2. Bmith I !, Chen M, MU T O DT Phvaioal ey oa

L]
BI14 3501-5510
Lax M 193] foeviens o Molern Phvsics :
. Gobel G 1970 Annliced Phvsics Joetrers 210 0 0 1o
Leheny R i, Shah J 1977 Phnvsical Jeview Jetters 33
Si1-514

VI ]

b 1

You have -V hincy €TUmncluding thia one



